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157] ABSTRACT

A communications system capable of simultaneously
transmitting voice and data information. The spectral
energy of the data signal is smeared by spreading 1t in a
spectrum with energy packed in the lower frequency
range under the conventional voice signal frequency in
a manner which complements the standard C-message
weighting curve. The use of the spread spectrum tech-
nique also eliminates thumping at the data rate since the
harmonics that produce thumping are also spread
throughout the bandwidth.

40 Claims, 6 Drawing Figures

80

70| . /34

60

50

dB8 40

|
O 50 100

150 200 250

HERTZ



U.S. Patent 7an. 10, 1984

DB RELATIVE TO THE VALUE AT 1000 HZ

30

20

[0 -

Sheet 1 of 5

FREQUENCY IN HERTZ

Fig. 1

4,425,661

S0

00 150
HERTZ

250



Sheet 2 of 5 4,425,661

Jan. 10, 1984

U.S. Patent

ccl

ot
‘eleoe
‘P8It ¢
A+

9/ Im.¢m ICREL

SNLYLS
g9 F

| J
o H10 M E- ‘ ¢

JONYYIN3
- - 1y | ~06
WHVe
9| 2E 9] =
. - | ﬁi.@/& £ |7 |§ |l I—H.IIT_.._ \:mxu

e L _[ 708060 19| g9 a' g
1% J 4L _ \
MS didg > Avi3a Lxa C b

A+ A+ A+

Ovl




Sheet 3 of 5 4,425 ,661

Jan. 10, 1984

U.S. Patent

y LIN2Y12 9NI1dNOD

-

OR:
WNIG3IW SNOILYOINNWWOD 7N

JAVMd 1S



Sheet 4 of 5 4,425,661

Jan. 10, 1984

U.S. Patent

0S¢

qA+

m_maﬂ

SSVd-IH

n_dm._. ZH 09

AN+

hv n>+

n_d‘m._. ZH 09

u..v_ i

QN

_

902 602y, £0¢
II—I -

BN _




Sﬁeet S5of5 4,425,661

Jan. 10, 1984

"U.S. Patent

982 At
/, / _ —  G82Z hw —
bl nw J w_\.w._m v | 2 N d
SO m > > a .
2l _ a6e”
SNV — m‘ __ ——— ON &

"o/

90
L0

80
148

¢q
¢(
|

34
dd

¢l

¢ — 11T ob‘se
A4S iy bty £k \/
C ¢cg'igalve'el :
wmm. l-‘-“ ﬁ Ga 7

uﬁ a1l v
| uva

IV

ZH
8¢l

8|

wm.vm__.




4,425,661

1

DATA UNDER VOICE COMMUNICATIONS
SYSTEM

BACKGROUND OF THE INVENTION

The present invention generally relates to voice and
data communications systems and more specifically
relates to a system wherein both voice and data signals
are communicated between a central office terminal and
various subscriber terminals.

Telephone voice transmission uses the frequency
spectrum of approximately 300-3000 hertz. Supervisory
and data signals are sometimes sent “out of band,” al-
most always above the voice band—very seldom below

the voice band. |
Data over voice systems have several advantages,

e.g. high speed data capability, very little-interference -

with voice transmission, and the like. However, long
subscriber loops require load coils to provide adequate
voice band transmission and these transmission devices
limit the high frequency performance of rural sub-
scriber loops making data over voice impossible.

Data under voice transmission has not been widely
used in telephone systems, even though it is not limited
by load coils and would work very well on long rural
loops. The problem with recent data under voice sys-
tems was the voice band noise that is caused by har-
monic distortion (and other distortion products) of the
low frequency signal. Conventional data under voice
systems suffered from these noise characteristics such as
“thumping” at the data rate, low frequency modulation
of the natural system noise components, and multiple
harmonic components.

SUMMARY OF THE INVENTION

The disadvantages of the conventional data under
voice systems can be significantly reduced by using a
spread spectrum to suppress and spread the low fre-
quency data signal’s spectral energy. This spreading
reduces interference from the signal’s harmonic compo-
nents and also smears the thumping noise characteristics
and all other noise products.

In order to be effective the spreading code must be
independent of the data being transmitted. Simply using
more and more bandwidth to transmit a given data
signal will not provide the noise suppression character-
istic of the spread spectrum technique disclosed. The
method of suppressing and spreading the data signal’s
spectral energy disclosed is to use a spread spectrum
frequency hopping (FH) technique. In this technique
one group of frequencies represents a mark, while an-
other set of frequencies defines a space. A spreading
code which is independent of the data being transmit-
ted, controls the continuous hopping between frequen-
cies at the chip rate. A six dB noise advantage is realized
each time the number of frequencies used in each group
is doubled. A subjective advantage greater than six dB
is realized since the addition of the chip rate compo-
nents to the data rate components breaks up the very
obvious data rate thumping into many spectral products
more closely resembling white noise and this resulting
noise more effectively blends into the typical telephone
noise channel background noise.

While the objective absolute value of the noise level
is important, the subjective characteristic of “how the
noise sounds” is the primary consideration. Spread
spectrum techniques not only reduce the objectionable
noise level—but also make the remaining noise much
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less noticeable. The preferred embodiment of the inven-
tion illustrates a method of generating a spread spec-
trum signal having two frequencies for a mark and two
other frequencies for a space. This embodiment pro-
vides a six dB advantage over a two frequency FSK
(Frequency Shift Keying) system plus the additional
advantage of smearing the spectral components in order
to provide a white noise characteristic. This produces a
performance equal to conventional two-frequency FSK
transmission conditions even though the interference
characteristics of the spread spectrum system is much
less than conventional FSK systems. In other words,
the present invention provides a significant noise advan-
tage without sacrificing performance.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is the standard C-message weighting curve -
showing the sound intensity required to produce an

equivalent psychological reaction to a listener listening
to a one thousand hertz tone;

FIG. 2 is the curve of the spectral energy of data
being transmitted using the preferred embodiment of
Applicant’s invention as shown in the remaining draw-
Ings;

FIG. 3, consisting of FIGS. 3a and 3b, is a schematic
diagram of a subscriber terminal employing Applicant’s
invention which is used to transmit data signals under
the voice transmission; and

FIG. 4, consisting of FIGS. 4a and 45, is a schematic
diagram of a central office terminal to receive and de-
code the data transmitted by the terminal of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The preferred embodiment of the invention is suitable
for use at any remote location having a telephone and
can be used at that remote location to communicate data
signals to a central office terminal without interfering
with voice communications taking place on the tele-
phone.

For purposes of illustration and to assist in under-
standing the operation of the invention, and not to limit
the invention in any way, specific data transmissions are
described in connection with the preferred embodi-
ment. These data transmissions include activation of an
intrusion alarm, a fire alarm, and similar data that might
be transmitted from a remote location. It should be
understood by those skilled in the art, however, that
many and varied forms of data transmission can be
achieved with the instant invention from a remote loca-
tion without departing from the spirit and the intend-
ment of the claims appended hereto.

FIG. 1 is the conventional C-message weighting
curve, 32. As represented in FIG. 1, at representative
frequencies of one hundred eighty hertz, three hundred
sixty hertz and five hundred forty hertz, the reaction by
a subscriber using a standard conventional type tele-
phone set will be such that he hears these frequencies
less lIoud by 27.5, 16.5 and 6 dB, respectively, than had
the frequency been one thousand hertz and of the same
magnitude. Stated in a different way, if the individual
frequencies of one hundred eighty hertz, three hundred
sixty hertz, and five hundred forty hertz were to pro-
duce the same stimulus (psychological reaction to the
listener) as a one thousand hertz tone, they must be
increased in level by 27.5, 16.5 and 6 dB respectively
compared to the level of the one thousand hertz refer-
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ence tone. This illustrates that different frequencies
have different effects on hearing when using.a conven-
tional type telephone set. When applied to .noise, this
means that some harmonic frequencies have more inter-
fering effect than others. Therefore, even a small 5
amount of a particular harmonic could be sufficient to

cause noisy conditions. The interfering effect of the

different frequencies for equal loudness is the basis of
any weighting curve which is used to measure over-all
circuit noise. - ' 10

It 1s for this reason that data under voice techniques
of the past, using FSK systems, have produced undesir-
able thumping and over-all noisy transmissions even
though the frequency shift occurs at the lower fre-
quency range. Harmonics of the data rate in the thou- 15
sand hertz range can be heard by the listener as the data
rate or frequency changes.

Applicants’ invention spreads the data transmission
over the spectrum of the frequencies below voice. This
suppresses the spectral energy at any one frequency and, 20
also smears the harmonics throughout the Spectrum |
Because the energy of the harmonics in the voice band-
width, 1s also suppressed and spread throughout voice
bandwidth, the noise level both in magnitude and in
identifiable harmonic intensity produce a very low 25
white noise characteristic rather than thumpmg pro-
duced by prior art systems.

FIG. 2 shows the curve 34 of energy drstnbutlon of
the data at frequencies below the detectable voice trans-
mission achieved with the preferred embodiment of the 30
invention shown. As shown by a comparison of FIG. 2
and FIG. 1, the energy of transmission using Appli-
cant’s invention is packed in that portion of the C-mes-
sage curve which has very low psychological impact on
the listener. In this manner the message transmission is 35
not heard by the listener nor do the harmonics interfere
with voice transmission at the higher frequencies.

Referring now to FIG. 3, the means and method used
to transmit data signals to the central office terminal
under the voice communication signal using Applicants’ 40
spread spectrum technique is shown and can be under-
stood.

Referring first to FIG. 3a, origination of the data
signals under voice frequencres can be.shown and un-
derstood. 45

The data information is transmitted in the conven-
tional UART (Universal Asynchronous Receiver
Transmitter) format having a start bit for framing, eight
information bits, a parity bit and two stop bits. The eight
data or information bits per frame in the preferred em- 50
bodiment shown consist of four alarm or monitoring
bits DB1-DB4 for a remote location and four address
bits DBS-DBS8 for security purposes.

In FIG. 3, the design for an intrusion alarm 40 and a
fire alarm 41 are shown and two additional data termi- 55
nals 43, 44 are shown which can be used for similar
transmissions such as medical monitoring, meter read-
ings, and the like.

Power for the transmitting unit 1s supplied by a
power supply consisting of protection diodes 45, 46 60
with a battery back-up 47 consisting of five one and one
half volt cells with Zener 49 protection and filtering 50,
S1.

An instrusion alarm circuit 40 is provided which is
one of the four alarm inputs. The intrusion detector (not 65
shown), which can be any conventional detector such
as an infrared detector, provides a normally closed
contact to ground. A resistance 54 path to the power
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supply 1s provided as well as a current limiting resistor
56 and rise time limiting capacitor §7 to suppress AC
line voltage coupling, lightning transients, and noise.
An inverter 59 is used for isolation of the power supply
and input to an alarm latch 65. An intrusion LED 60 is
provided and normally energized when an intrusion is

‘not being detected. Upon detection of an intrusion the

normally closed intrusion contact opens, extinguishing

- the LED, and causing an intrusion signal to be gener-

ated which is latched by reset ﬂlp-ﬂop 65 made up of -
two NAND gates. 62, 63. -

As soon as the intrusion is detected and the NAND

“gate 62, 63 reset flipflop 65 becomes latched, the output

of the second NAND gate 63, which is connected to an
entrance delay counter 66 on pin 11, causes the reset to
go from logic “1” to logic “0”’ allowing it to start count-
ing. The entrance delay counter 66 is clocked at one
pulse per second from the Q3 output of a frequency
divider 67, to be discussed below. It is strapped so that
when it counts up to the preset entrance delay time, for
example, smteen seconds, the Q5 output goes high,
latching a'second latch 68 consmtmg of two NOR gates

70, 71. The reason for the second latch is to keep the
entrance delay counter 66 counting so that when it

reaches the count corresponding to the Q14 output,

~ approximately two and a quarter hours, Q14 will go

_hlgh and automatically reset the mtrusron alarm circuit
| '40 |

Therefore if the sheriff or other security personnel

arrives at a remote location and it appears that there has
been no intrusion he does not have to enter the remote

| locatlon which i is being protected nor does he have to
have access to or know how to disarm the system. The

intrusion alarm 40 will automatically reset after roughly
a two hour interval. He will still be able to check the
intrusion status LED 60 which will indicate whether an
intrusion is or is not being detected and the alarm LED

~ 73 to. determine the transmitted status of the alarm.

The entrance delay counter is so designed to enable
an authorized person coming to the remote location
where the system is installed to utilize the preset and
programmed period of time to enter the remote location
and have approximately sixteen seconds to find the
arming switch 75 and switch it to the “off” position.
When this occurs the circuit 40 is reset and the alarm
transmission will be terminated before a time delay 340
in the central office terminal has time to indicate an

‘alarm condition.

Durlng the interval that the entrance delay counter

66 is counting the sixteen second disarming period the

LED 73 will blink at a four hertz rate from the Q1
output of frequency divider 67. After the NOR gate
latch 68 is latched, the alarm LED 73 will then be
steady indicating that the intrusion alarm has been
transmitted to and registered by the central office termi-
nal indicating to the owner of the system that he ought
to telephone the security officer and tell him what has
transpired. The entrance delay latch 68 can be strapped
to other output pins of the entrance delay counter 66 to
gwe longer periods of time after entry in which to deen-
ergize the alarm. ~

The output of the intrusion alarm is connected to one
of the data channels port DB1, input pin 26 of the
UART 80. |

An exit delay counter 84 is also provided so that the
intrusion alarm 40 can be set by closing the arming

- switch 75 giving the person setting the alarm 40 suffi-

cient time to depart the remote location or premises.
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Upon closing the arming switch 73 the reset, pin 2, of
the exit delay counter 84 is taken from logic 1 to logic
0 enabling 1t to count at the one hertz rate. A strappable
option is provided by output ports QS, Q6 or Q7, pins 3,
4 and 5 of the exit delay counter 84 to provide a sixteen
‘second delay, thirty-two second delay, or sixty-four
second delay. Depending upon the strap position, when
the output signal goes high it 1s clocked into the exit
delay counter 84 on pin 1 through diode 87 to prevent
the exit delay counter 84 from counting any further and
is further connected along line 90 to enable the input
latch. 65 so that if an intrusion input is received it will
again be latched.

A second preferred alarm input is a fire alarm 41 such
as a smoke detector (not shown). The circuit input in-
cludes a series arming switch 95 and the receiving cir-
cuit in the central office terminal includes a sixteen

10

15

“second time delay before the fire alarm 41 or other

alarm is registered. Therefore, if a false alarm 1s de-
tected because of kitchen smoke or from other causes
the switch 41 can be opened and even though the smoke
detector will continue to buzz, the fire alarm transmis-
sion will not be registered in the central office terminal.
Since a fire alarm 41 is preferably an instant arming
alarm there are no transmission time delays and the
signal is connected directly to the UART 80, port DB3,
pin 28 through inverter 97. Similarly, two additional
data input connections 43, 44 are provided also con-
nected directly to the input ports of the UART 80 on
input ports DB2 and DB4 respectively, pins 27 and 29.
Similar circuitry can be uttlized for any of these data
input signals to provide time delays in the manner re-
cited in relation to the intrusion alarm 40. Protection
circuitry 103 consisting of resistors and capacitors are
also included in the event of lightning strikes, uninten-
tional hook-up to or coupling of conventional power
and for other noise immunity purposes.

The other two ports 43, 44 can be utilized advanta-
geously for medical monitoring, meter reading, and the
like. Similarly, represented in FIG. 3a are output cir-
cuits 105 which can be used to activate sirens, buzzers,
or similar audible alarms at the remote location.

Additional data entry inputs preferably consist of a
four bit address code from switches 110 into pins 30
through 33, input ports DBS through DB8 of the
UART 80. If a large number of subscribers are con-
nected to the central office terminal, larger switches can
be utilized or certain of the addresses can be randomly
repeated. However, a specific address is preferably
associated with each subscriber terminal to avoid the
possibility that an intruder might attempt to splice the
data output from a neighbor’s cabin in an attempt to
frustrate the alarm portion of the system or to connect
a like system across the line and then cut the line 1n an
attempt to fool the system. A false address will produce
a loss of signal indication at the central office terminal
causing alarms to sound as will be explained below in
connection with the central office terminal.

To generate the frequencies necessary for spreading
the spectrum of the data signals a clock crystal 94 is
used in an oscillator circuit 100 including resistors 102,
103, capacitors 105, 106 and an inverter 108 to create a
nominal thirty-two kilohertz signal. The clock fre-
quency is connected to two dividers 110, 67 in series to
divide down the clock frequency into frequencies uti-
lized in the system.

The output of the first divider 110 on Q5 1s a 1024
hertz signal which is used to clock programmable di-
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vider 115 which divides the 1024 hertz clock frequency
by three, four, six or eight. Which number the program-
mable divider 115 will divide by depends upon the input
data on line 117 and on the chip rate on line 119, an
eight hertz signal obtained from output pin 1 of divider
110 which signal is also used to clock the second divider
67.

The output of the UART 80, in standard UART

format having eight data bits, is combined with the
eight hertz chip rate in a logic combining circuit 122
consisting of two inverters 125, 126 and three NOR
gates 128-130 connected to programmable divider 1135
to initiate the spread spectrum frequencies. The combin-
ing circuit 122 provides a BCD output as an input to the
programmable divider 113.

The spreading criteria, simply stated, is that if the
data output is logic 1, the chip rate can be either 1 or O.

lower frequencies. If the data input 1s logic O, the chip
rate will cause the output to bounce between two
higher frequencies. In the central office terminal, to be
discussed below, a digital discriminator determines if
the transmitted signal is above or below 25.6 hertz. If
below, the logic level 0 is detected and generated; if
above, a logic level 1 is detected and generated for
purposes of processing by the central office terminal.

Depending on the BCD (Binary Coded Decimal)
input to the programmable divider from the combining
circuit 122 the 1024 hertz clock frequency 1s divided by
three, four, six or eight. The frequency division will
constantly change depending on the chip rate and the
data rate. Consequently, the output from the CO port of
the programmable divider 115, pin 7, comes at different
rates in the clock rate divided by the programmed divi-
sor. The output of the programmable divider 1s a short
spike which is connected to a set-reset flip-flop 133
consisting of two NAND gates 135, 136 which 1s reset
at the clock rate to provide a pulse signal of varying
frequencies, the frequency depending on which of the
sequential data signals is being transmitted, the logical
status of the signal and the chip rate.

Since the output frequency is still at a higher fre-
quency than that desired on the line, and to reduce
discontinuities, the output is divided again by a staircase
sine-wave generator 140 which consists of a shift regis-
ter 143 having eight outputs each connected to one of a
group of eight output resistors 144-151 having a sequen-
tial sinusoidal relationship one to the other. Thus, at any
given time a voltage is applied across one of the output
resistors, the other seven of which are tied to ground
and the output signal moves to the next level upon
receipt of the next pulse, which produces the pseudo
sine-wave.

The output of the summing resistors therefore gener-
ates the sine-wave which randomly centers on the four
operating frequencies which are continuously smeared.
In other words, the frequency continually moves be-
tween the four primary frequencies instead of being at
any one frequency for any length of time.

The output of the staircase sine-wave generator 140,
as shown on FIG. 35, is connected to a line driver con-
sisting of three operational amplifiers 155-157 config-
ured to be low pass filters 160-162 which smooth out
the staircase sine-wave to get rid of the sharp edges, to
get rid of any undesirable high frequencies and to elimi-
nate the effect of the clock frequency on the output.
The resulting output is a coherent FSK modulated sig-
nal where the modulation is a function of the data and

“Consequently, the output will bounce between two =

L imdim et — e h — ——— -
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the chip frequencies. This output is connected by a

transformer 170 to a communications medium coupling

or interface circuit 175 to put the data on the line to the
central office terminal.

Referring now to FIG. 4, decoding of the data at the

central office terminal can be shown and understood.

The central office terminal receiver is transformer
201 coupled to the telephone line with a line relay and
a battery feed. Thus, the data input to the receiver ter-
minal 1s a modulated current similar to that produced by
the voice circuit or whatever else is on the line. Com-
mon mode rejection is accomplished by the transformer
201. Diodes 203-206 are provided to assure that noise
such as lightning strike voltage surges bypass the trans-
former and to provide DC isolation between tip and
ring. |

Since the nominal resistance is on the order of four
ohms, normal current flowing in the telephone does not
generate enough DC voltage to turn to diodes 203-206
on but any large voltage spike will be bypassed by the
diodes 203-206. Similarly, a protection circuit 210 on
the secondary side of the transformer 201 is diode
clamped to assure that the voltage into the circuit will
not rise higher or lower than 0.7 volts.

The data signal is passed through four opamps
215-218 and associated circuitry which form a high pass
network 240 having a cut-off frequency at about twelve
hertz. The function of the high pass filter 240 is to elimi-
nate very low frequency problems caused by moving
the handset and the like which puts an error signal
below ten hertz onto the line, the output of the high pass
filter 240 1s connected to another opamp 243 and associ-
ated circuitry connected to create a low pass filter 250
to reject the voice information that may be on the line,
the low pass filter 250 is followed by two series con-

nected sixty hertz trap circuits 254, 256 consisting of

opamps 261-264 and associated circuitry to get rid of
the strong sixty hertz noise. The sixty hertz trap circuits
254, 256 are followed by another low pass filter 270 for
voice rejection to clean up the data signal. Two amplifi-
ers 280, 281 are then utilized each with a voltage gain of
twenty to provide a total voltage gain of four hundred.
The data signal at this point has the appearance of a
jagged-looking sine wave.

This signal is connected to two Schmitt trigger type
CMOS gates 285, 286 to provide as clean an input as
possible to a digital discriminator 290 used to decode
the data.

The digital discriminator 290 consists of two inter-
connected flip-flops 292, 293 between which are inter-
posed a counting circuit 295 including logic elements.
The input to the discriminator is the square-wave gener-
ated by the prior circuitry. The square-wave is con-
nected to both flip-flops 292, 293. The first flip-flop 292
will pass the signal through for low frequencies, but will
not pass the higher frequency signals, resulting in a
logic 1 for received frequencies below 25.6 hertz and
logic 0 for frequencies above 25.6 hertz, thus recon-
structing the mark and space, or data, that was transmit-
ted by the transmitter shown in FIG. 3. The input
square-wave 1s also connected to the clock input of the
second flip-flop 293 which clocks a logic 1 into the
output on the positive transition of the square-wave
mput. The output also 1s fed back to the reset of the
flip-flop 293 with a resistor-capacitor 298-299 time
delay so that the flip-flop gives a pulse for every posi-
tive transition.
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The pulse output resets a counter 302. The counter
302 1s constantly counting the four kilohertz input
which is connected through a NAND gate 306 to the
clock input, pin 1. Two outputs from the counter from
output ports Q35 and Q7, pins 5 and 3, determine
whether or not the count which corresponds to 25.6
hertz has or has not been reached. If the count reaches
that corresponding to 25.6 hertz the NAND gate 310
output, through an inverter 312, will go high and the
positive transition will clock the signal through the first
tlip-tflop 292 giving a logic 1 output at the Q output of
the flip-flop 292 indicating that a mark or high signal
had been transmitted by the subscriber terminal. If a
second positive transition occurs in the input square
wave before the count reaches 25.6 hertz it will clock
the second flip-flop 293 resetting the counter 302 and
thus the output of the first flip-flop 292 will remain low
indicating that a higher frequency is being received
therefore again reconstructing the data input to the
transmitter. The output of the flip-flop 292 is connected
in the input UART 315 through two Schmitt trigger
circuits, 320, 321, again with resistive capacitor time

‘constants to assure a clean input to the UART 315.

Consequently, at the input to the UART 315 the chip
rate information has been eliminated and the input is the

initial data information which was transmitted by the -
transmitter. The signal is connected to the receive func-

-tion of the UART 315 which makes a parity check, a

framing check and connects the framed output informa-
tion on channels one through eight, ports DB1-DBS,
pins 5-12 each of which corresponds to the input signals

to the transmitter. Channels one through four corre-

spond to alarm inputs one through four and channels
five through eight carry the address code which is
matched with the address code that is switched in with
switch 320 at the receiver. -

To assure that the address is correct exclusive OR
gates 323-326 are provided and if the address code
matches, the output of each of the OR gates 323-326
will be logic 1, and if no parity error or framing error is
detected by the UART 315 a fifth input to a multiple
input NAND gate 330 is logic 1. The output of the
NAND gate 330 1s connected to enable time delay cir-
cuits for purposes of the intrusion alarm, the fire alarm
and to NOR gates for the other data transmitted. It is
also connected directly to a loss of signal counter which
1s activated in the event of loss of a data signal, parity
error, framing error, or a wrong address. |

It should be understood by those learned in the art
that if monitoring functions similar to fire or intrusion
or the like, that time delays can be added to the remain-
ing two data ports and if more immediate indication is
desired for the first two data inputs, the time delay
circuitry 340, 344 can be eliminated and direct readout
can be achieved in the same manner as demonstrated for
data ports 3 and 4. -

The data available signal from output pin 19 of the
UART 315 is used to clock each of four data digital
time delay counters 346-349. The inverted signal is fed
back into pin 18 of the UART 315 to reset the data
available port. The intrusion signal and the fire alarm
signal are each connected to a four stage counter 346,
347 and 348, 349, respectively, that is clocked with each
frame that comes in by the data available framing pulse
received designated latch RCV signal. Consequently,
four frames of data indicating an intrusion alarm or a
fire alarm 1s necessary before the Q4 outputs of the four
stage counters 340, 344 will go high and be latched by
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NOR gate latching circuits 360, 361. Once latched, the
alarm will remain until four frames are received indicat-
ing that the alarm is no longer activated. The four frame
delay is to assure that a noise burst or a momentary loss
of signal does not change the output. It also provides
‘the entrance delay time of sixteen seconds to disarm the
alarms. Each output, including the loss of signal output
and the other two data outputs, can be conveniently
connected to LED indicators 410-414 to visually indi-
cate the time loss of signal, activation of alarms as well
as to buzzers, sirens, or other audible indication.

Preferably the loss of signal alarm time delay 1s
longer than the time delay associated with any individ-
ual signal in that certain situations occur which might
cause a loss of signal for periods of time greater than the
sixteen seconds associated with the other data inputs,
such as, ringing of the phone and other intermittent
causes. Accordingly, a sixty-four second time delay can
be conveniently provided with the use of two stages of
counters 372, 374 and associated latches 376, 378 with
each counter 372, 374.

Since loss of signal will prevent data received clock-
ing pulses, the loss of signal circuit is clocked at 0.25
hertz along line 380 through the four stages to give the
sixty-four second total time for detection and visual or
audible indiation of loss of signal. The output of the
NAND gate 330 indicating an invalid address or loss of
signal is also connected through NOR gates 380-383 to
each of the alarm circuits to clamp them to zero to
avoid decoding nonsense information.

The foregoing specifications sets forth certain pre-
ferred embodiments and modifications of the invention
and some of the ways in which the invention may be put
into practice, including the best mode presently con-
templated by the inventors for carrying out their inven-
tion. Modification of the described embodiment, as well
as alternate embodiments and devices for carrying out
the invention, will also be apparent to those skilled in
the art. All such variations and modifications are in-
tended to be within the spirit and scope of the following
claims:

We claim:

1. A communications system for communicating data
information simultaneously with voice transmission at
frequencies less than the voice transmission comprising:

means for generating at least one digital data signal;

means for generating at least one spreading fre-
quency;

means for combining the data signal and the spread-

ing frequency to create a spreading code for trans-
mission of the data which causes the data to be
transmitted at three or more fundamental frequen-
cies; and

means for transmitting the fundamental frequencies

simultaneously with the voice transmission, the
data being transmitted as a coherent frequency
modulated signal having a constantly varying fun-
damental frequency less than the voice frequency
bandwidth.

2. The communications system of claim 1 wherein the
means for combining the data signals and the spreading
frequency comprise means for smearing or spreading
the fundamental frequencies so that harmonics of the
fundamental frequencies are suppressed and to the ex-
tent they occur in the voice band are spread throughout
the voice bandwidth.

3. The communications system of claim 1 wherein the
means for combining the data signal and the spreading
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frequency comprises means for causing the data to be
transmitted at many varying fundamental frequencies,
all less than the voice frequency bandwidth, so that the
spectral energy of the frequency modulated signal 1s
packed in that area of the frequency spectrum having
low psychological impact on a listener.

4. The communication system of claim 1 further com-
prising means for generating a plurality of digital data
signals and wherein the means for combining the data
signal and the spreading frequency comprises means for
combining the plurality of data signals and the spread-
ing frequencies so that all data is transmitted by the
transmitting means as a coherent frequency modulated
signal having a constantly varying fundamental fre-
quency less than the voice frequency bandwidth.

5. The communications system of claim 4 wherein the
means for generating a plurality of digital data signals
comprises means for sequentially generating the data in
frames of information.

6. The communications system of claim § wherein the
means for generating the plurality of digital data signals
comprises means for generating eight digital data sig-
nals.

7. The communications system of claim 6 wherein the
means for generating eight digital signals comprises
means for generating four digital data signals compris-
ing monitoring information and four digital data signals
comprising an address code for the specific communica-
tions system transmitter generating the signals.

8. The communications system of claim 7 wherein the
means for generating signals comprises means for gener-
ating at least two digital data signals for monitoring and
transmitting meter readings, medical monitoring equip-
ment information and the hke.

9. The communications system of claim 7 wherein the
means for generating monitoring signals comprises
means for generating at least two alarm signals.

10. The communications system of claim 9 wherein
the means for generating alarm signals comprises means
for generating a fire alarm.

11. The communications system of claim 9 wherein
the means for generating alarm signals comprises means
for generating an intrusion alarm.

12. The communications system of claim 1 wherein
the means for combining the data signal and the spread-
ing frequency comprises:

a combining circuit having at least two inputs, one
input connected to the digital data signal and the
other input connected to the spreading frequency
signal, the combining circuit combining the mnputs
to generate at least three varying binary outputs;
and

a frequency divider connected to the outputs of the
combining circuit and connected to a clock fre-
quency so that the output of the frequency divider
is a function of the clock frequency divided by the
binary outputs of the combining circuit.

13. The communications system of claim 12 wherein
the means for combining the data signal and the spread-
ing frequency further comprise a means for generating
fundamental frequencies less than the voice frequency
bandwidth.

14. The communications system of claim 13 wherein
the means for generating fundamental frequencies less
than the voice frequency bandwidth comprises a stair-
case sine-wave generator.

15. The communications system of claim 14 wherein
the staircase sine-wave generator comprises a shift reg-
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ister having a plurality of outputs connected to the
output of the frequency divider and wherein a plurality
of resistors having a sinusoidal relationship are con-
nected to the outputs of the shift register which is

clocked by the frequency divider so that the output of 5

the staircase sine-wave generator is a sinusoidaily vary-

ing output wave form having a varying fundamental

frequency which is a function of the frequencies gener-
ated by the combining circuit and the frequency divider

and the number of outputs of the shift register. 10

16. The communications system of claim 1 wherein
the means for transmitting the fundamental frequencies
comprises a low pass filter and a coupling circuit for
transmission of the signal to a central office terminal.

17. The communications system of claim 1 further 15
comprising: |

means for receiving the frequency modulated signal;

means for decoding the recewed frequency mcdu-

lated signal; and

means for generating from the decoded ‘received

frequency modulated signal a received dlgltal data
signal which corresponds to the digital data 51gnal
originally generated.

18. The communications system of claim 17 wherem
the means for receiving the frequency modulated signal
comprises a high pass filter circuit having a cut-off
frequency at about twelve hertz for elumnatlng very
low frequency interference.

19. The communications system of clalm 17 wherein
the means for receiving the frequency modulated 51gnal
comprises a low pass filter circuit for reJectmg v01ce
information on the line.

20. The communications system of claim 17 wherein
the means for receiving the frequency modulated signal 35
comprlses a sixty hertz trap circuit for ehmmatrng s1xty
cycle noise.

21. The communications system of claim 17 whereln
the means for decoding the frequency modulated signal
comprises a means for discriminating between frequen- 4,
cies above and below a preselected frequency which is
a function of the fundamental frequencies at which the
coherent frequency modulated signal is transmitted.

22. The communications system of claim 21 wherein
the means for discriminating between transmitted fre- 45
quencies comprises a digital discriminator having an
output which 1s at a first logic level for frequencies
below the preselected frequency and at a second logic
level for frequencies above the preselected frequency.

23. The communications system of claim 17 wherein 5q
the means for generating the received digital data signal
comprises a means for detecting loss of signal.

24. The communications system of claim 17 wherein
the digital signal transmitted comprises an address code
which is transmitted to the receiving means and 55
wherein the communications system further comprises:

means for generating a second address code at the

central office terminal; and -

means for comparing the second address code gener-

ated with the address code transmitted by the sub- 60
scriber terminal.

25. The communications system of claim 17 wherein
at least one digital alarm signal is transmitted and
wherein the means for generating the received digital
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alarm for a preselected period of time to enable disarm-
ing of the alarm during the preselected time period so
that a false alarm is not registered.

12
26. The communications system of claim 17 wherein
at least one digital alarm signal is transmitted and fur-
ther comprising indicating means for visually indicating
the alarm transmitted by the transmitting means.
- 27. A method for communicating data information
over a‘communications medium at frequencies less than
voice transmission frequencies comprising:
generating at least one digital data signal;
generating at least one spreading frequency;
combining the data signal and spreading frequency to
create a spreading code for transmission of the data
- which causes the data to be transmitted at three or
more fundamental frequencies; and
transmitting the fundamental frequencies as a coher-
ent. frequency modulated signal having a con-
stantly varying fundamental frequency less than
the voice frequency bandwidth.
28. The method of claim 27 further comprising the

~ steps of suppressing the harmonics of the fundamental
frequéncies and spreading them throughout the voice

bandwidth.
-29. The method of claim 27 whereln the step of gener-

B atlng at least one digital data signal comprises the steps
- of generating a plurality of digital data signals and se-

quentially transmitting them in frames of information.
- 30. The method of claim 29 wherein the step of gener-

' ating a plurality of digital data signals comprises the

step of generating an address code for the specific com-

“munications system transmitter generating the signals.

31. The method of claim 27 wherein the step of gener-

ating at least one digital data signal comprises the step
- of generating at least one alarm signal.

32. The method of claim 27 wherein the step of gener-

.-.-ating at least one digital data signal comprises the step
of generating at least one monitoring signal.

- 33. The method of claim 27 wherein the step of com-
bining the data signal and the spreading frequency com-

- prises the steps of:

generating at least three varymg binary signals which
are a function of the digital data signal and the
spreading frequency; and |

dividing a clock frequency by the varylng binary

signals.

34. The method of claim 33 wherein the step of com-
bining the data signal and the spreading frequency com-
prises generating a coherent frequency modulated sig-
nal having a constantly varying fundamental. frequency
less than the voice frequency bandwidth which is a
function of the varying binary signal and the clock
frequency.

35. The method of claim 27 wherem comprising:

receiving the frequency modulated signal;
decoding the received frequency modulated signal;
-and |

generating from the decoded received frequency
modulated signal a received digital data signal
which corresponds to the digital data signal origi-
- nally generated.

36 The method of claim 35 wherein the step of re-

-ceiving the frequency modulated signal comprises the

step of filtering the frequency modulated signal to elimi-

‘nate low frequency interference. -

37. The method of claim 35 wherein the step of re-
ceiving the frequency modulated signal comprises the

step of ﬁltermg the frequency modulated mgnal to elimi-

nate voice frequency signals.
38. The method of claim 35 wherein the step of re-
cetving the frequency modulated signal comprises the
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step of filtering the frequency modulated signal to elimi- 40. The method of claim 35 wherein the method
nate sixty cycle noise. further comprises the steps of:
39. The method of claim 35 wherein the step of de- registering the received digital data signal to indicate
coding the frequency modulated signal comprises the the data signal transmitted; and
step of discriminating between frequencies above and 5  delaying registration of the signal for a preselected
‘below a preselected frequency which is a function of period of time to allow disarming of the signal
the fundamental frequencies at which the coherent fre- prior to registration.
quency modulated signal was transmitted. ¥ ox ¥ F %
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